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SUBMARINE BOAT 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of priority under 35 U.S.C. § 1 19 of German 

patent application DE103 05 778 filed February 12, 2003, the entire contents of which are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to a submarine with a liquid gas pressure container, in 

particular with a pressure container for storing liquid oxygen. 

BACKGROUND OF THE INVENTION 

[0003] Submarines, in particular for military application, are usually supplied underwater 

with electrical energy from batteries. Energy converters for producing the electrical energy from 
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an energy source, for example hydrogen and from an oxidant, for example oxygen, are also 
increasingly used. Fuel cells are particularly suitable for this, in which the energy source is 
catalytically oxidized amid the production of electrical energy and heat. An oxygen-containing 
gas such as air for example, but also preferably pure oxygen which is stored cryogenically and in 
liquid form, are typically used as oxidants with these systems. 

[0004] It is known how to store liquid oxygen (LOX) on land in order to ensure an 

adequate safety. The rules which apply on land however are not sufficient for the safe storage of 
liquid and/or gaseous oxygen in a submarine, in particular for a military application. The storage 
of liquid oxygen therefore has been previously effected in a liquid gas pressure container arranged 
outside the pressure hull, which however is rather unfavorable intrinsic of the system, since the 
incorporation of one or more pressure containers outside the actual pressure hull of the submarine 
is comparatively expensive with regard to technology, since it is not possible to provide a 
comparatively large container alone for fluidic reasons, as well as for reasons of weight 
distribution, and thus several small containers need to be attached on the outside on the pressure 
hull of the submarine vessel, and these need to be cased in a streamlined manner. Only in this 
manner may one ensure that no oxygen may reach the inside of the pressure hull of the submarine 
in the case of any leakage of the pressure container. 

SUMMARY OF THE INVENTION 
[0005] Against this background it is the object of the invention to design a submarine such 

that the storage and leading of liquid oxygen is simplified without endangering the safety of the 



vessel and those traveling on board. 

[0006] According to the invention a submarine is provided with a liquid gas pressure 

container, in particular with a pressure container for storing liquid oxygen (LOX), with which the 
liquid gas pressure container within the pressure hull of the submarine. In order at the same time 
5 to ensure the safety of the vessel and crew, an outer pressure container which is likewise stored 
within the pressure hull of the submarine surrounds the liquid gas pressure container. 
Furthermore precautions are made which ensure that on exceeding a predefined pressure within 
one pressure container, fluid is led from the pressure container out of the pressure hull of the 
submarine. 

10 [0007] The inner storage of the liquid gas oxygen container offers significant advantages 

with regard the conceptional design of the submarine vessel, so that the vessel is smaller and less 
expensive than a comparable vessel with an external storage of oxygen. 

[0008] The arrangement of the liquid gas pressure container within the pressure hull of the 

submarine has considerable advantages. The liquid gas container is also well protected due to the 
15 stable pressure hull of the submarine, in particular also with regard to the burdens which are 
typical in the military field. A further significant advantage is the fact that the liquid pressure 
container also remains accessible in the submerged condition of the vessel. The liquid gas 
pressure container may be designed lighter due to its protection conferred by the pressure hull. 
Advantages also result with regard to the insulation of the pressure container since in contrast to 
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liquid gas pressure containers lying on the outside; the insulation is not subjected to any additional 
loading due to the submerged depth pressure. Finally cost advantages are also achieved since the 
construction of one or, as the case may be, two liquid gas pressure containers lying in the inside is 
considerably more economical that a multitude of pressure containers situated externally. Since 
for the same insulation effect the insulation layer must always be equally thick irrespective of the 
size, further advantages with regard to space arise, since with an increasing size of the liquid gas 
pressure container the resulting volume which is required for storage per liter of liquid becomes 
smaller. Finally, a storage of the liquid gas pressure container within the pressure hull, apart from 
fluidic advantages, also results in weight advantages since with liquid gas containers lying on the 
outside, these as a rule may only be arranged in the upper region of the submarine, which is why 
the container weight must also always be lifted when surfacing. This is not the case with an inner 
lying fluid gas pressure container with a suitable and preferred storage for example in front of the 
diesel motor or behind the command center or between the battery rooms. 

[0009] By way of the outer pressure container provided according to the invention, as 

well as where appropriate, further measures with regard to safety technology which are yet to be 
explained in detail further below, one succeeds in achieving a safety, even with liquid gas pressure 
containers lying within the pressure hull, which is comparable or even exceeds that of those lying 
on the outside. For this, apart from the outer pressure container which in the case of a failure or 
part failure of the liquid gas pressure container ensures that neither liquid gas nor gas may get into 
the inside of the pressure hull of the submarine, the invention also envisages additional means 
which in the case of such an incident ensure that the liquid or gaseous oxygen located in the outer 



pressure container may not only be led out of the outer pressure container but furthermore out of 
the pressure hull so that no critical pressure may be built up here, which could damage the inside 
of the submarine. Any unallowably high pressure which arises may be then relieved outside the 
pressure hull. 

5 [0010] According to one advantageous embodiment of the invention, the outer pressure 

container not only encompasses the liquid gas pressure container but furthermore also all conduits 
leading out of the liquid gas pressure container supplying liquid gas, and fittings including an 
evaporator which by way of energy supply in the form of heat energy converts the liquid oxygen 
coming from the liquid gas pressure container into gaseous oxygen. Thus protection is ensured 

10 by the outer pressure container for the complete region which is critical with regard to the safety, 
specifically wherever fluid, cryogenic oxygen must be handled. Even in the case of a rupture of a 
valve or the bursting of a conduit, or the exceeding of the critical temperature in the liquid gas 
pressure container, it is always ensured that the pressure is relieved to the outside or the oxygen 
for relieving the pressure is led to the outside and not into the inside of the pressure hull. A 

15 conduit is provided for this which passes through the outer pressure container as well as the 

pressure hull of the submarine and which is shut off by way of a safety means, and only opens in 
the case of a predefined excess pressure within the outer pressure container and/or liquid gas 
pressure container. Such a safety means may be formed for example as a pressure relief valve or 
a rupture disk which on exceeding a predefined pressure frees the cross section of the conduit due 

20 to permanent destruction. 
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[0011] In order to be able to ensure that with a build-up of an unallowably high pressure 

in the external pressure container, this may be relieved to the outside even in the submerged 
condition, it is either necessary to dimension the outer and preferably also the inner pressure 
container such that it withstands the submerged depth pressure, thus the pressure which acts on 
the submarine up to the submerged depth, or a pressure-increasing device is provided which 
ensures that the fluid may reliably conveyed to the outside, and specifically independently of the 
submerged depth, even given a small pressure within the outer pressure container. Such a 
pressure increasing means may for example consist of a piston cylinder arrangement with which 
this is achieved by way of a suitable surface ratio or also by way of suitable, safe pumps. The 
pressure increasing device is preferably designed such that it functions whilst making use of the 
pressure located in the outer pressure container. Where appropriate however, it may also 
function whilst making use of the pressure prevailing in the liquid gas pressure container, or in 
another suitable manner. 

[0012] It is particularly favorable with regard to safety technology if the liquid gas 

pressure container is dimensioned such that its allowable operating excess pressure corresponds to 
the submerged depth pressure of the submarine, since then in the case of an accident, if on 
account of the opening of a safety means the inside of the liquid gas pressure container is 
connected to the surrounding medium of the submarine, there exists no danger that the liquid gas 
pressure container may not withstand this pressure. It is likewise useful with regard to safety 
technology to dimension the outer pressure container such that its allowable operating excess 
pressure corresponds at least to the pressure of the submerged depth of the submarine. 



[0013] According to one advantageous embodiment of the invention, within the outer 

pressure container within the fittings space there is provided a shut-off valve, specifically for the 
gas conduit leading out of the outer pressure container into the pressure hull. The outer pressure 
container may be hermetically sealed with respect to the inside of the submarine by way of such a 
5 valve. This is not only useful with the previous mentioned case of an incident with which an 

increased pressure is built up within the outer pressure container, but moreover in those cases in 
which an increased gas concentration is detected in the inside of the submarine and thus the gas 
supply, in particular the oxygen supply may be centrally and reliably cut off as a precautionary 
manner. Preferably a further safety means is provided for this type of incident, consisting of 
10 suitable gas sensors, in particular oxygen sensors as well as suitable evaluation and control 

electronics which activate the shut-off valve to close in the case of a predefined gas concentration. 



[0014] Gas sensors are advantageously not only provided within the pressure hull, but 

also (at least one gas or pressure sensor) within the outer pressure container and the armature 
space, in order to ascertain whether gas, in particular oxygen, exits from the liquid gas pressure 
15 container, or from a conduit leading liquid gas or gas, or from a fitting, in order in the case of 
such an accident to suitably activate at least the valve which shuts-off the liquid gas pressure 
container, as well as advantageously also to activate in a blocking manner that valve which shuts 
off the conduit leading from the outer pressure container into the pressure hull. 
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[0015] The various features of novelty which characterize the invention are pointed out 

with particularity in the claims annexed to and forming a part of this disclosure. For a better 
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understanding of the invention, its operating advantages and specific objects attained by its uses, 
reference is made to the accompanying drawings and descriptive matter in which a preferred 
embodiment of the invention is illustrated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The only Figure, in a simplified representation, shows the construction of a 

submarine according to the invention with a liquid gas oxygen container within the pressure hull. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] With the submarine vessel shown in the only Figure the outer hull of the vessel is 

indicated at 1, which determines the effective streamlined shape of the vessel. A cylindrical 
pressure hull 2 is arranged within this hull 1, as is required and is usual with submarines. A liquid 
gas pressure container 3 for liquid oxygen (LOX) is located within this pressure hull 1, and 
specifically in the region between the machine space arranged in the rear region and not shown in 
the figure, and the command center below the tower 4. The liquid gas pressure container 3 is 
provided for the storage of liquid, cryogenic oxygen. It has an essentially cylindrical, and at the 
ends a hemispherical shape and on its outer side is provided with an insulation 5 which in a 
manner known per se consists of a radiation-damping material as well as an evacuated space. 
This insulation 5 is attached on the outer side of the outer pressure container 6 which likewise has 
an essentially cylindrical shape and surrounds the liquid gas pressure container 3 including its 
insulation 5. The pressure container 3 as well as the pressure container 6 is designed such that 
their allowable operating excess pressure corresponds to the pressure of the submerged depth of 
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the submarine. 

[0018] The outer pressure container 6 significantly projects beyond the liquid gas pressure 

container 3 to one side, so that a fittings space 7 is formed, which encompasses all conduits, 
fittings and units leading liquid oxygen. A heat exchanger 8 is arranged in this armature space, 
5 via which the relief of the operating pressure for conveying the liquid oxygen from the container 3 
is effected. The heat exchanger 8 is arranged in the insulation and is fed externally. 

[0019] Near to the base of the container 3, a conduit 9 carrying LOX is led out of the 

liquid gas pressure container, and connects this to an evaporator 10. The evaporator 10 is 
likewise supplied externally. In the evaporator 10 liquid oxygen coming from the conduit 9 is 
10 evaporated. The gaseous oxygen from the evaporator 10 is led out of the pressure container 6 
via a conduit 1 1 . The conduit 1 1 may be closed by way of a controllable shut-off valve 12. The 
shut-off valve is arranged within the outer pressure container 6. 

[0020] During normal operation heat is supplied to the liquid gas pressure container 3 via 

the heat exchanger until an operating pressure required for conveying the liquid oxygen has been 
15 built up. The liquid oxygen reaches the evaporator 10 via the conduit 9. From the evaporator 
10, the oxygen in a gaseous form continues via the conduit 1 1 through the opened shut-off valve 
12 out of the outer pressure container 6 into the inside of the pressure hull 2, and from there to a 
consumer, for example a fuel cell stack. 
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[0021] Oxygen sensors 13 are provided within the pressure hull 2 which detect the oxygen 

content within the pressure hull 2. These oxygen sensors 13 are connected to electronic 
evaluation and control means which are not shown, in a manner such that upon exceeding a 
predefined oxygen content within the pressure hull 2 this is detected and the shut-off valve is 
activated to close, in order to ensure that no further oxygen exits through the conduit 11. 

[0022] The fittings space 7 is likewise equipped with a pressure sensor or also oxygen 

sensor 13 and evacuated, so that a leakage in a conduit or fitting located there may be detected. 
As soon as such a leakage has been detected, the conduit 9 on the pressure container side is shut 
off by way of a shut-off valve 14 in order to prevent a further entry of oxygen into the space of 
the outer pressure container 6. The valve 12 too is shut-off in order to seal off the outer pressure 
container 6 with respect to the pressure hull 2. 

[0023] The liquid gas pressure container 3 as well as the outer pressure container 6 are 

provided with a common blow-off means 15 comprising a conduit 16 which leads out of the 
pressure hull 2 and which is closed off by way of a safety valve 17 or a rupture disk and opens 
into the surroundings. With an unallowably high increase in pressure within the liquid gas 
pressure container 3, in the case of such an accident a conduit connection to the outside of the 
pressure hull 2 is created by way of this blow-off means 15 and the pressure may be relieved to 
the outside via this connection. Since the pressure container 3 as well as the pressure container 6 
are designed with a pressure strength such that they are capable of withstanding an inner pressure 
prevailing via the conduit 16 corresponding to the submerged depth of the submarine, it is ensured 
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that the pressure within the pressure container 3 or the pressure container 6 does not rise to an 
unallowable extent. 

[0024] A blow-off means 15 may also be provided separately for the liquid gas pressure 

container 3 and the outer pressure container 6. Then on exceeding a predefined pressure a direct 
5 conduit connection of the pressure container 3 to the surroundings of the submarine or of the 
outer pressure container 6 to the surroundings of the submarine is effected. 

[0025] While a specific embodiment of the invention has been shown and described in 

detail to illustrate the application of the principles of the invention, it will be understood that the 
invention may be embodied otherwise without departing from such principles. 
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